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MAGNETIC LEVITATION SYSTEMS FOR FUTURE 
AERONAUTICS AND SPACE RESEARCH AND MISSIONS 


Isaiah M. Blankson and John C. Mankins 

Office of Aeronautics and Office of Advanced Concepts 
NASA Headquarters 
Washington, D.C. 


ABSTRACT 

The objectives, advantages, and research needs for several 
applications of superconducting magnetic levitation to 
aerodynamics research, testing, and space-launch are discussed. 
Applications include very large-scale magnetic balance and 
suspension systems for high alpha testing, support interference- 
free testing of slender hypersonic propulsion/airframe integrated 
vehicles, and hypersonic maglev. Current practice and concepts 
are outlined as part of a unified effort in high magnetic fields 
R&D within NASA. Recent advances in the design and 
construction of the proposed ground-based Holloman test track 
(rocket sled) that uses magnetic levitation are presented. It is 
projected that ground speeds of up to Mach 8 to 1 1 at sea-level are 
possible with such a system. This capability may enable 
supersonic combustor tests as well as ramjet-to-scramjet transition 
simulation to be performed in clean air. Finally a novel space 
launch concept (Maglifter) which uses magnetic levitation and 
propulsion for a re-usable "first stage" and rocket or air-breathing 
combined -cycle propulsion for its second stage is discussed in 
detail. Performance of this concept is compared with conventional 
advanced launch systems and a preliminary concept for a subscale 
system demonstration is presented. 
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R ECENT DEVELOPMENTS IN JAPAN 



Principles of superconducting linear motor car MAGLEV 


| £ 2 £ 0 ffi]l 

Principle of propulsion 

««5A'z:nic^iA'nfc0^cnfc0ur»3ittii^^To 


A repulsive force and an attractive force induced between the 
magnets are used to propel the vehicle (superconducting magnet) . 
The propulsion coils installed on the side walls on both sides of the 
guideway are energized by the three-phase alternating current 
from a substation, creating a shifting magnetic field on the guid- 
eway. The on-board superconducting magnets are attracted and 
pushed by the shifting field, propelling the Maglev vehicle. 



Principle of magnetic levitation 

6ftri\s-r„d©H'OUffl‘^&fr6MOTTra«*±©8«#ttStfHa-caa'r3 
<t. a-r;wc«a*'«*ssnr-wwc««ci«io. o±w s* <s 

*©)£>§ ias±tfS*j (!H3lfi)A'»£U *ffl«3±Sti*To 

•Vertical suspension 

The *8’ figured levitation coils are installed on the side walls on the 
quideway. When the on-board superconducting magnets pass at a high- 
speed several centimeters below the axes of these coils, an electric current 
is induced within the coils, making them act as electromagnets temporar- 
ily. As a result, the forces which push the superconducting magnet 
upwards and ones which pull them upwards act simultaneously, thereby 
levitating the Maglev vehicle. 

•££<Z>*F*J 

ZZ.tlzU.Otto 

• Lateral guidance 

The levitation coils facing each other are connected under the guideway, 
constituting a loop. When a running Maglev vehicle, that is, a supercon- 
ducting magnet, displaces laterally, an electric current is induced in the 
loop, resulting in a repulsive force acting on a levitation coil near the car 
and an attractive force acting on another levitation coil farther apart from 
the car. Thus, a running car is always located at the center of the guid- 
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MAGNETIC LEVITATION R&D at NASA 

• In recent years, NASA and VPI (Virginia Polytechnic Institute) have provided 
support to the National Maglev Initiative (NMI) in the Department of 
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Rationale for Maglev at NASA 
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glev-MagLifter R&D Program Concept 

ipping Strategic Goals into Technology Objectives 
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MSBS Applications 
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Store separation. Multi-body separation 



EXAMPLES OF SOME MODEL SUPPORT PROBLEMS 



244 



Future Applications 

Program Focus 
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Key Spin-Off Technology Powerful, AC-capable, high temperature 

superconducting electromagnets 



TRACK MISSION 

• SIMULATES BY MEANS OF ROCKET SLEDS 

- Critical portions of flight trajectories 

- Dynamic events 

- Special environmental conditions 

• BRIDGES THE GAP BETWEEN LABORATORY AND FLIGHT 

• SHIFT RISK OF FAILURE FROM FLIGHT TO GROUND 
TESTING 

TRACK CHARACTERISTICS 

• Length: almost 10 milesll Sled velocities at 10,000 ft per sec 

• Two rails: 50,788 feet 

• Narrow gage rail: 15,200 feet 

• Gages: 7 feet and 26.31 inches 

• Alignment: withing 0.005 inch 

• Continuously welded 


PROVEN TEST CAPABILITY 


AIRCRAFT 

- Crew Escape 

- Airblast 

- Birdstrike 

- Aeropropulsion 

- Munitions Launch 

- IRCM 

MISSILES 

- Guidance 

- Aerodynamics 

- Aeroelastics 

- Dispenser 

- Seekers 

- Components 


ENVIRONMENT 

- Rain / Ice 

- Aerothermal 

- Dust 

r High G 

- Hypersonic 

OTHER 

- Warhead / Fuse 

- Impact 

- Decelerators 

- Survivability 

- Vulnerability 

- Lethality 

- Live Fire 
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HOLLOMAN TEST TRACK - WHY MAGLEV? 


D 

LU 

111 

> % 

t LU 


Z O J £C 

O Z 3 LU 
[I ” Q. Q. 

< ^ ° Eb 

L_ < DC _J 
c CC CL CO 


< 

LU uj 
* a 

LU 3 
CC I- 

S3 

CC 
LU £ 

CD (/) 

5 Q 

< LU 


I I 


248 


- HIGHER VELOCITIES: 3.5 KM/SEC + 
ELIMINATES SLIPPER WEAR 



HOLLOMAN AFB MAGLEV TRACK UPGRADES 
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Much Reduced Vibration 



POTENTIAL HYPERVELOCITY MAGLEV 

APPLICATIONS 
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BREATHING ENGINES - storable hydrocarbon fuel scramjet 
testing to Mach 11 + in non-vitiated air and q > 10,000 (T/W = 
100/200) 


LEVITATED TEST SLED ASSEMBLY 
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MAGLEV HIGH-SPEED ROCKET SLED DESIGN ISSUES 
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VVing/s Active/passive systems 

Light weight Reusable/refurbishment 

High strength Heat leaks 

High temperatures Thermal protection 
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MagLifter — non-Aerodynamic HRV 

Configuration A "Mark III" Full-Scale System 
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System Guideway 

Cross-Section 






MagLifter — Aerodynamic HRV 

Configuration B "Markin ' 1 Full-Scale System 
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MagLifter: Payload Sensitivity Analysis 

(Sensitivity to Attitude and Velocity) 
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90.0 75.0 60.0 45.0 30.0 15.0 

ATTITUDE 

(Degrees from horizontal; launch from 10,000 ft) 



MASS 
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Selected Maglev Technology Issues 
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conventional wheel - rail system. 


